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1.0 INTRODUCTION
The social cost-benefit approach (SCBA) to assessing transport projects is a powerful decision
tool. It serves as a framework within which all players can debate the merits of alternative
investments, engendering a vibrant debate on relevant policy. It also serves as a coordinating
mechanism for establishing technical priorities in the design of a systematic assessment of the
costs and benefits of options available in the search for wise resource allocation.
A notable feature of SCBA as a planning framework and a planning tool is the emphasis on
quantification of benefits and costs, and the further step to translating as many benefits as
possible into monetary units. While there is no mandatory requirement for this mon tisation
process, it has historically been a central feature of the economist's promotion of SCBA.
Indeed this was the nucleus of the criticism by non-economists of the methods (in contrast to
SCBA as a useful framework per se) who argued that the benefit items which are quantified
and monetised (some have said 'san tised') have tended to dominate in the ranking and ultimate
selection of projects. Soft variables such as amenity, visibility and 'crowdedness  have typically
been swamped into 'oblivion' or inconsequence by the partial use of the monetisation paradigm.
Given that the underlying philosophical foundations of SCBA rely on the aggregation of
preferences as embodied in the economic concept of surplus (using either the Kaldor-Hicks
rule or the simplifying Marshallian paradigm), it comes as no surprise that 'things difficult to
monetise' get short change.
Within the transportation sector, SCBA has been applied in evaluating many projects, with a
primarily single-modal focus. The set of monetised benefits (or negative costs) are
predominantly members of the user-benefit set comprising operating costs, travel time,
accident costs and occasionally noise costs. The most controversial benefit in the set is travel
time. It is controversial for many reasons; in particular the determination of an appropriate
value (or set of values) to place on travel time savings and the identification of the appropriate
dimension in which we should identify the amount of time savings - as a perceived (typically
reported-perceived), manufactured (typically off network skims) or actual time outl yed (from
car following).
The aim of this paper is to revisit the (almost intellectually exhausted) literature that has
evolved over the last 30 years on travel time valuation and allocation, and to refocus some of
the emphasis so that the usefulness of historical and contemporary contributions can be
generalised to all travel contexts and not remain dominated by a selective set of applications -
notably urban commuting, long-distance business, and recreation travel.
The paper is organised as follows. It begins with a synthesis of the major threads of the
underlying theory of the allocation and valuation of time. We introduce an alternative valuation
approach centred on marginal productivity theory which embodies the consumption approach
and which is most appealing in valuation of work-related travel.  A number of important issues
are then discussed - the distinction between behavioural and resource values, how travel time
is measured, the treatment of taxation, and the criteria for establishing variability in values of
travel time savings.
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2.0 A THEORETICAL OVERVIEW
The theoretical underpinnings of the valuation of travel time savings (VTTS) are inherently
economic, founded in consumer and producer theories of utility maximisation and productive
efficiency. In this section we synthesise the essential elements of the theory, paying particular
attention to the translation of theory into econometric models which will permit empirical
determination of behavioural and resource values of travel time savings. We draw on the
contributions of Truong and Hensher (1985, 1987), Bates (1987), Hensher (1977) and Jara-
Diaz (1994). The historical antecedents are found in Becker (1965), DeSerpa (1971) and
Evans (1972)
2.1 Time Allocation and Valuation
The realisation that time is a scarce resource which affects the demand for market goods and
services, just like the allocation of scarce money resources, suggests that time is an important
factor in consumption activities. It is also a factor in production activity (ie. work). The use of
time in 'non-productive' activities thus involves an opportunity cost which must be valued. An
explicit treatment of time allocation modifies the comparative statics of goods allocation,
which yields essential insights into the valuation of travel time s ings. Since conclusions
regarding VTTS are sensitive to the manner in which the time allocation problem is specified
(DeSerpa and Huntingdon, 1978), theories of time allocation form a natural framework within
which to derive a theoretical measure of VTTS.
2.1.1 Time as a Homogeneous Resource
Becker (1965) in his seminal contribution assumed that time is a homogeneous scarce resource
used in the production of market goods and services (ie. work activity), as well as in the
'production' of household commodities (ie. consumption activities). Time is not consumed
directly by an individual, but is regarded as a factor of production or an intermediate good.
The use of time in any consumption activity is described by a Household Production Function
(HPF). The output of the HPF can be described either in money units (eg. income earned from
work activity), in time units (eg. length of working hours or leisure hours), or in other units
such as distance travelled or the number of trips per unit of time. It is this activity (or
production) output which enters directly into the individual's utility function rather than the
factor inputs. As a homogenous resource, its value is also unique in all activities, and is
referred to as the value of time as a resource (R).
Given an activity output Zi, produced from a market-good input xi (with a unit price of Pi),
and a time input Ti, the total cost for activity output is
Ci = Pixi + RTi [1]
The unit cost (or price) for Zi is
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Pi = Ci/Zi = Pi(xi/Zi) + R(Ti/Zi), [2]
= Pibi + Rti [3]
If we assume production coefficients (bi, ti) are constant, independent of the level of Zi, and R
is independent of Zi, then Pi is independent of Zi. Pi is then seen as the commodity's full-price.
The total resource constraint for activity production can be defined as:
PiZi = FS
i=1
n
[4]
That is, total activity cost = full income (F). Maximising a commodity utility function
u = u(Z) = u(Z1, Z2, ..., Zn) [5]
subject to the full income constraint [4] gives Becker's Commodity Allocation Model. This
model is formally analogous to the traditional consumer goods allocation model, provided that
the Pi 's are xogenously defined, are independent of the levels of commodity demand of Zi's,
and the Zi's are directly observable and measurable.
The definition of resource constraint [4] relies on the assumption that there exists a full-income
level for each individual who is endowed with a total time resource, T°, and total non-work
income, V:
F = F[T°, V] [6]
To determine the level of F, we define the optimisation problem:
Max W[Z1, Z2, ..., Zn] = F , [7]
such that
T1 +T2 + ... +Tn £ T ° , and [8]
p1x1 +p2x2 + ... +pnxn £ V + work income [9]
where
xi,Ti; i=1,2,..,n, are levels of goods and time inputs into activities Zi, nd W[.] is the earnings
function, defined as the level of income earned from a pattern of (work and non-work)
activities (Z1, Z2, ..., Zn). The characteristics of the earning function are determined partly by
an individual's physical and mental capacity and partially by market conditions. Thus a uniform
Valuation of Travel Time Savings
     David A. Hensher
Institute of Transport Studies
   5
increase in the marginal wage rate will shift the earnings function upwards, whereas a change
only in the overtime rate will change the shape of the function itself. Hence the full income is
determined by the level of resource endowments (T°,V), and labour market conditions which
determine the shape of the earnings function W[.]. Once F is determined, there is no need to
refer to V and T° separately. Time is an equivalent form of money, as well as money which can
also be used to effectively increase the level of time resource available to the individual.
The consumer's decision process is now assumed to consist of two stages: stage 1 which
determines the level of full-income to be allocated to all activities, and stage 2 which uses this
allocated full-income to determine levels of activity productions that can maximise total utility.
This two stage optimisation process is the distinguishing feature of the new household
production approach of Becker. Through this two-stage approach, work becomes an
endogenous activity. The individual's generalised resource endowment is fixed (by F) and all
that work activity does is to adjust factor [ie. time, money] endowments to satisfy the
production requirements of the individual's consumption services (DeSerpa and Huntingdon,
1978).
We now turn to the optimality conditions of Becker's model. The first Stage of Becker's
model, given by [7], [8], and [9] above is:
L 1 = W[Z11, ...,Zn1] +l
1[V - pixi1]S  +m1[T° - Ti1S ] [10]
First order conditions for optimality give:
¶W
¶Zi
1
 . ¶
Zi
1
¶xi1
 =l
1
P i,
[11]
¶W
¶Zi
1
 . ¶
Zi
1
¶Ti
1
 =m1.
[12]
From which we derive:
R1 = (m1êl
1) =P i
¶W/¶Ti
1
¶W/¶xi1
=P i
¶Zi/¶Ti
1
¶Zi/¶xi1
= MRTS i
1
[13]
To reach the maximum earning level W* = MaxW, the marginal rate of technical substitution
(MRTS) between money and time inputs in all activities must be equal to the unique value R' =
(m
1/l
1
) which is the shadow price of time in the first stage. The second stage of Becker's model
compares this value with the shadow price of time in the second stage, when utility rather than
earnings is assumed to be maximised:
L 2 = U[Z1
2, ...,Zn
2] +h2[F - pixi2 + RTi
2)]S
i [14]
First order conditions are derived:
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¶U
¶Zi
2
 . ¶
Zi
2
¶xi2
 =h2 Pi ,
[15]
¶U
¶Zi
2
 . ¶
Zi
2
¶Ti
2
 =h R ,
[16]
and hence:
R =P i
¶U i/¶Ti
2
¶U i/¶xi2
=P i
¶Zi
2/¶Ti
2
¶Zi
2/¶xi2
 = MRTS
[17]
Now we consider constraints for the second stage problem:
pixiS
i
 + R. TiS
i
 £ F
[18]
or
p
~
1.
x
~. + R.T° £ V+W* [19]
Suppose we assume all income earned from activities (Z1, Z2, ..., Zn) is spent on the purchase
of market goods for these activities (ie. no savings for future activities), then
W (Z1, Z2, ..., Zn) = 
p
~
1
.x. [20]
Equation [19] becomes:
W* - W - R.T° + V ³ 0 [21]
When earnings are zero (ie. W=0), the shadow price of time is at a maximum of
R* = (W* + V)/T° = F/T° [22]
As earnings increase (ie. W>0), the shadow price of time decreases; assuming the marginal rate
of earning of time is decreasing as total earnings increase. When W reaches the maximum value
of W*, the shadow price of time decreases to a minimum
R1 = V/T° [23]
This shadow price of time is non-zero if V0. This is because of the implicit assumption
underlying [21] that maximum earnings is achievable only when all f the time resource T° is
fully utilised; ie. when time constraint [8] is binding for the first stage. Suppose we now
assume that the level of earning W* can be achieved even before all of the time resource T°  i
utilised. This must imply that a marginal unit of time resource cannot be priced positively,
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because it cannot be used to produce any additio al (net) income to the level W*.  This is the
case when R1 can even reach the minimum value of 0 if the time constraint is non-binding. This
is case assumed by Becker. The fact that R1 = 0 if 
Ti
1S
i
<T°
 can be seen from [10]. The
Lagrange multiplier m
1
 will be zero, and hence R
1 = m1/l1 will also be zero.
The value of R in the second stage thus lies between the maximum value of R* and minimum
value of 0:
0 £ R1£ R £ R* [24]
R can reach R* only when V is large enough to finance all activities without an individual
having to earn any more additional income (W=0). In the general case, W>0, R<R*. R = R1
only when the individual is in such a poor environment that s/he might have to maximise
money income simply to survive. In other cases, R1 < R.
2.1.2  Time as a Resource and a Commodity - The Heterogeneity of Time
There are conceptual difficulties with Becker's distinction between activity output and its
utility, and hence difficulties for the operation of the household production approach. To
highlight the problem, let us assume that the output of the activity 'travelling to work' is the
number of trips per unit of time. Can a trip  by car be considered as physically the same output
as a trip by public transport? If the answer is yes, then we are neglecting any quality differences
between different modal trips (ie. time is homogenous). If the answer is no, how are we to
incorporate quality differences, or recognise the heterogeneity of time. Since an individual
cannot 'easily' adjust the level of output to allow for quality differences, we can redefine each
modal trip as a commodity in its own right. Thus production of a car trip cannot be described
by some HPF as production of a public transport trip. The activity 'travelling to work' is now
replaced by a series of different activities, each related to a separate exogenously specified
modal technology. Becker's concept of activity (output) is of limited empirical value. This
recognition is the major contribution of DeSerpa (1971) and other authors in the early 1970's
(DeDonnea 1971, Hensher 1973, Pollak and Wachter 1975). The fundamental limitation is
described by Pollak and Wachter (1975, 270-71):
"We object to the implied but crucial assumption [underlying a HPA] that time
spent cooking and time spent cleaning are 'neutral' from the standpoint of a
household and that only the 'outputs' of these production processes enter the
household's utility function."
Activity output cannot be defined independently of the specific circumstances under which
time is spent. Because of the serious difficulties associated with the definition and measurement
of a household activity 'output' concept, the alternative approach is to revert back to the use of
activity inputs (ie. market goods and household time) as the only valid and observable
commodities which can then enter directly into the individual's (household's) utility function.
The distinction between time as a commodity and time as a resource, introduced by DeSerpa,
is fundamental to the understanding of the complex components of the value of travel time
savings.
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Time is a commodity because it can generate utility directly to the individual when 'consumed'
in specific activities. But at the same time, it also acts as a mean  for the consumption of
market goods and services, just as money is a means for the purchasing (and hence
consumption) of these goods and services. In its role as a commodity, time in a specific activity
i is not the same commodity as time in another activity j. The individual's utility function can be
expressed as:
U = U (x1, T1; x2, T2, ..., xn, Tn) [25]
where {T1, ..., Tn} is the time spent in activities 1 to n
{x1, ..., xn} is market goods and services consumed jointly with time in the activities.
In DeSerpa's model, 'commodities' now denote market goods and/or services and/or time
inputs into activities. Activity is now defined in terms of inputs rather than (undefined) 'output'.
In its role as a means for the consumption of goods and services xi's, time is subjected to a
resource constraint:
Ti £ T0S
i=1
n
[26]
Similarly, the means for purchasing the xi's are also subjected to a resource constraint:
pixi £ MS
i=1
n
[27]
Time consumption in many activities is not entirely a matter of an individual's own free will. So
in addition to the time-resource constraint [26], there are time consumption constraints:
Ti ³ aixi ;  i=1, ..., n [28]
These constraints include  technological and institutional constraints. Examples of
technological constraints are the available set of modes which have limits on the combinations
of travel times and costs which can be offered. An example of an institutional constraint is the
legal speed limit. The application of microeconomic theory recognises these limits imposed on
a solution to the value of transferring time.
The optimisation problem is:
L = U(
x
~, T) + m(T°-
TiS
) + l(M-
pixiS
i ) + 
ki (Ti - aixi)S
i [29]
maximum utility are:
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¶U
¶ i
 =lpi +kiai
[30]
U
¶xi
 =m -ki
[31]
¶U
¶M
 =l
[32]
ki (Ti - aixi) = 0 [33]
We can derive some useful concepts:
¶U/¶Ti
¶U/¶M
 =
m - ki
l [34]
[34] give the MRS between commodity-time Ti and the numeraire good at constant
(maximum) utility level. It is referred to as value of time as a commodity in activity i. The
difference between 
m
l  and 
m - ki
l
 
 is binding, ie. if Ti = aixi, and hence ki  0. This difference is
referred to by DeSerpa as the value of saving time consuming xi or value of time-saving in
activity i (VOTSi). VOTSi gives us the short-fall in value that can be obtained from a unit of
time spent in activity i. If an individual is completely free in spending time in activity i, then he
will only spend the amount Ti such that at the margin its value is equal to its shadow price
(m/l). In which case maximum utility can be obtained from this activity. If he is constrained to
spend at least a minimum amount of time (aixi) n this activity, and ssuming that this minimum
level exceeds the level at which the individual derives the optimal value from time
consumption, then the marginal value he gets from time is less than its shadow-price (optimal
value). The difference is the loss in value (utility) of time spent in this activity. This is value of
time savings. If the individual could save this marginal unit of time, he could potentially save
this value from being lost. The actual value of the saving however depends on where the unit
of saved time is spent. If it is spent in a leisure activity (defined as one which has a non-binding
time consumption constraint), then actual saving = potential saving. If it is spent in an
'intermediate activity' (defined as one which has a binding time consumption constraint), then
the actual saving in value would be less than the potential saving (ki/m).
2.2 Summarising the Empirical Elements of The Value of Travel Time Savings
The value of travel time savings has been shown to have two components: an opportunity cost
component reflecting the economic value of the resources associated with the 'consumption' of
time (referred to as the shadow price of time), and a relative (is)utility component reflecting
the alternative circumstances under which a unit of time is 'consumed'. For example, 10
minutes spent waiting for public transport engenders greater isutility to a traveller than 10
minutes travelling in public transport or a car. The amount of time resource is the same and
hence the opportunity cost is equivalent. This important distinction, linked back to the
theoretical model initially developed by DeSerpa, has been translated into an appropriate
empirical model of consumer (or traveller) behaviour choice by Truong and Hensher (1985,
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1987) and Bates (1987) of the form:
Vi = ai-lCi - kiTi [35]
where Vi represents the (indirect) utility expression associated with alternative i, ai is the mean
of the unobserved influences on choice of alternative i, Ci is the monetary cost of using
alternative i, and Ti is the travel time associated with alternative i. Importantly the parameter l
associated with money cost is independent of alternative 1, in contrast the parameter estimate
ki associated with travel time is dependent on the particular alternative. The latter reflects the
different circumstances under which travel time is consumed in the use of each alternative. The
value of travel time savings is given by  ki/l. If the shadow price of time (time being a scarce
resource) and its actual value in a specific activity are the same, then  ki/l equals m/l. That is,
the relative disutility of travel time is zero.
The important implication of this derivation of an empirical indirect utility expression [35]
from economic theory as applied in a mode choice context is that it is not possible to identify
the resource value of travel time unless we can assume that the relative disu ility associated
with spending time on alternative modes of transport is zero. What we can measure is the
value of transferring time from activity i to some non-travel activity. To be able to separate out
the resource price of time from the value of saving time, we would need to know a priori the
resource price of time. Treating the differences in mode-specific values of transferring time
(due to different parameter estimates for each mode) as zero (i.e. by constraining the
parameters to be identical across the modes) is not a mechanism for obtaining a resource value,
without imposing the strong assumption that the marginal (dis)utility of time spent travelling is
zero, in contrast to it being constant for all modal alternatives.
The adjustments to these b havioural values, derived from empirical mode choice models to
obtain appropriate values of the cost to society of time resources consumed in travel is
controversial in the light of the theoretical argument. In section 3 we identify the practice of
modifying the empirical behavioural values to represent an appropriate set of values of travel
time savings to represent the cost to society of time resources consumed. Assumi g that the
opportunity cost associated with the time resource is suitably measured by the (competitive)
market price, and that market prices are often distorted true resource (shadow) prices due to
the presence of a number of externalities, practice has involved some limited adjustments to
allow for distortions created by taxation. Other distortions have not been considered (such as
regulations, price capping etc), with the consequence that our best estimates of the social
value of travel time savings derived from utility-aximising discrete choice models
approximates the behavioural values of travel time savings. We now turn to another paradigm
for valuation  which is appealing in the context of trade-offs betw en travel and work.
2.3 The Production Cost Approach
The recognition of time as a scarce resource (embodied in its shadow price) and the additional
disutility differences associated with alternative ways in which a given amount of time is used,
provides a framework for valuing the resource component differently to the econometric
approach which evolves from the Becker and D Serpa theoretical paradigm. Hensher (1977)
suggested an alternative approach to deriving the value of travel tim savings for work-related
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travel. The approach recognises a number of components of opportunity cost and relative
disutility. Traditionally, an alternative to the behavioural approach to travel time savings
valuation in the work-travel context was the adoption of marginal productivity theory which
states that an employer can be expected to employ labour u  to the point at which the total
costs of employment equate with the value of production. The value of working travel time
savings is then estimated as equal to the gross wage rate (including on-costs) plus a marginal
wage increment to allow for any savings in overheads associated with an employee travelling in
contrast to spending the equivalent time in the office. This approach makes questionable
assumptions about the transfer of travel time to other purposes, it neglect  possible productive
use of in-travel time (particularly at the marginal rate), and ignores the utility to the employee
of time spent at work compared to travelling.
A revised interpretation of the productivity approach to the valuation of savings in travel time
associated with work-related travel (or more specifically any travel which is related to the
generation of income), was developed by Hensher (1977) in the context of business air travel.
The approach has been applied since by a number of authors (notably Mark Bradley and Hugh
Gunn) in the context of commercial car travel in Sweden, The Netherlands and the United
Kingdom. There are four main elements of the formula - a productivity effect, a relative
disutility cost, a loss of leisure time and any compensation transfer between employer and
employee. These components are combined into the following formula:
VTTS = (1 - r -pq)*MP + 
1-r
1-t*VW+
r
1-t*VL + MPF [36]
where
r = proportion of travel time saved which is used for leisure.
p = proportion of travel time saved at the expense of work done while travelling
q = relative productivity of work done while travelling compared with the equivalent
time in the office.
MP = the marginal product of labour
VL = the value to the employee of leisure relative to travel time
VW = the value to the employee of work time while in the office relative to travel time
MPF = the value of extra output generated due to reduced fatigue.
t = employee's personal tax rate, the inflation of rVL and (1-r)VW reflecting 
compensation. An employer has to compensate an employee for travel, in terms 
of travel time savings rather than increased income, to allow for the fact that 
increases in the employee's utility are not subject to tax.
VL is the traditional behavioural value of travel tim savings associated with trading travel
time with leisure (i . non-work) time. The traditional category of business/commercial car
travel is usually reserved for 'travel as part of work'. However a significant amount of work-
related travel involves activities such as driving to the airport or a client's office. Since a high
percentage of the travel time associated with the latter activity occurs outside of normal
working hours (i.e. the person would not be travelling at this time during the normal period of
work expected by the employer), there is a leisure time trade-off being made.  The value of
travel time savings thus can be expected to be lower than the average gross wage rate,
reflecting the mix of both employer time and non-work time.
At the margin we would expect the productivity of an employee to equal his/her full wage rate.
In this context the term 'full' wage rate is used to refer to the gross wage plus on-costs
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(including employee-specific overheads)  The value to the community of an employee spending
less time travelling and more time in productive work is, therefore, approximately equal to the
full wage rate. The employer, however, has to pay a percentage (say 50%) of the gain in
productivity in company tax. The value to the employer of an employee spending less time
travelling and more time in productive work is therefore approximately equal to 50% of the
full wage rate. With on-costs representing say 34% of the pre-tax wages, we would expect the
value of business travel time savings to an employer to be approximately 50% of 134%; that is,
67% of the gross wage rate. There is an outstanding correspondence between this figure,
calculated from theory, and the figure of 68% obtained from studies undertaken in Australia
(using stated-choice designs) (Hensher et al. 1988). The evidence herein suggests that the
value to the employer of saving an hour of travelling time is 68% of the full wage rate.
Unpublished studies undertaken by the Hague Consulting Group in 1994 in Holland, the
United Kingdom and Sweden, using Hensher's model (Hensher 1977) provide supporting
evidence for business values of travel time savings being significantly less than the gross wage
rate. Overall, the value to the employer of savings in car travel times in the UK are
approximately 50% of the average gross wage rate, 61% in the Netherlands and 32% in
Sweden. The lower Swedish value is attributable to greater productivity in the car (especially
due to high growth in mobile phones).
3.0 DISTINGUISHING BEHAVIOURAL, RESOURCE
AND EQUITY VALUES IN THE PRESENCE OF
TAXATION
The values of travel time savings derived from travel choice models are behavioural values.
They tell us how much an individual traveller is willing to pay to save a unit of travel time,
ceteris paribus. Such values are appropriate in demand pre ictio  where there is an interest in
using a generalised cost or generalised time variable. Combining of travel cost and travel time
into one service indicator is promoted where there is high correlation between the component
attributes, which is most likely to occur where there is no or limited congestion and/or where
levels of service are extracted from a network which tends to reduce the variability in attribute
levels substantially.
When the time savings values are applied to a change in the level of economic resources, a
willingness to pay (WTP) measure does not always represent the resource implications of the
savings or loss of travel time, as demonstrated in the theoretical framework above. Resource
values are required to convert the predicted change in travel time into monetary units. The
presence of direct and indirect taxation has to be considered in the establishment of resource
values of travel time savings. Alternative approaches to correcting for the resource effect have
been suggested in the literature.
To understand the complication of taxation - direct and indirect - we have to be clear on the
meaning of "resources consumed" in the process of "consuming" travel time. The process of
consumption entails a transfer of time from one activity to another activity and as such is not
time "saved" per se. This is the basis for my preference for the phrase the "value of transferring
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time" originally proposed by Hensher and Truong (1985) and Truong and Hensher (1985) and
adopted by Bates and Glaister (1990) in a recent review of the literature undertaken for the
World Bank.
Economists talk of valuing goods and services at their resource costs on the grounds that they
most clearly represent the real cost to the community in terms of resources embodied in their
production, and hence indirect taxes and subsidies are excluded. While this may be an
unambiguously valid position for estimating changes in national income aggregates, it is
arguably an incorrect principle for sect al cost-benefit evaluations. The cost to the community
of a resource to be used in a sectoral project is determined by the value it creates in the use
from which it is to be moved (i.e its opportunity cost). This is the essence of shadow pricing of
a resource where we distinguish the marginal production cost of new resources and the market
price for existing resources. Thus, if a resource is moved from the production of some good
subject to a 100% tax for example, its cost to the project must be valued as equal to the price,
which is not equal to, but twice the resource cost. The distinction between "cost" and "value"
is fundamental to an appreciation of this argument.
We tend to assume (implicitly) that our resources already exist in that they are being u ilis d
elsewhere; thus market price is the appropriate basis of identifying the opportunity cost of a
resource. The theoretical model driving the pure definition assumes a perfectly competitive
market; in reality however there are distortions such as minimum wages and maximum hours
worked. Thus the observed market price may indeed be a distorted measure of value, an over-
or under-estimate due to the presence of institutional constraints. In a sense this is a form of
negative externality in a competitive market,  So ev n though the savings in resources can be
observed via market prices, those resources may actually be worth less in a competitive
market. That is, institutional constraints have artificially over-priced the real value of a
resource.
3.1 Allowing for Taxation
For shadow pricing, the tax treatment varies depending on whether additional income-earning
(i.e. productive) time ensues or whether the transfer is into leisure time which is not subject to
direct taxation because it is not income earning. One can expect quite different shadow prices
(ie true resource values) because a lot of what we have traditionally called a transfer from
travel to productive income-earning work time is in fact a transfer to non-productive leisure
time.
Forsyth (1980) suggests that the leisure value should be expressed as a percentage of the net
wage (because individuals value leisure time net of direct tax), whereas work time values
remain as a percentage of the gross wage. When one does this, the leisure value as a
percentage of the wage rate is typically nearly 80% (of the net wage), now leaving a smaller
margin between  leisure and work time values. The explanation for the remaining difference is
argued to arise from differential sources of disutility associated with spending the transferred
time in leisure compared to income-generating activity which is taxed.
3.2 Summarising the Valuation Rule for Work and Non-Work Related Travel
In deciding on a practical resource value we have to establish the nature of the alternative use
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activity. Rather than assume that all travel time saved is associated with one particular activity
(e.g. work or leisure), a lot of time saved in travel involves a mixture of trading off leisure-
travel and work-travel. For example, an individual travelling between Los Angeles and San
Francisco by air on business, is likely to travel during a period in which the alternative time use
would be partly leisure and partly work time.
There is a continual need to identify typical circumstances in which various trips involve time
which is a mix of leisure and work time. One way of helping the process is to focus on
elasticities such as of hours worked with respect to the gross wage rate, and th response of
hours worked and that taken in leisure as a result of savings in travel time. Forsyth (1980)
discusses this issue. The extent to which time savings are associated with changes in leisure
time, work time and wage rates is critical to the selection of the final resource values for
working time values. The possibility of time savings for a work-related trip being associated
with a mix of leisure and work time makes the use of the phrase "value of working time
savings" somewhat ambiguous. Current practice is adopted in part for convenience and in part
due to the paucity of empirical evidence on the mix of alternative use time between leisure and
work time. In application, we need to get away from point estimates and have a value function
which can handle case-specific variations in arriving at a truer resource value than the average
currently offered. Such a function is developed in Section 5.
For all work-related activities (i.e. travel taking place during time which is contributing to the
productive output of a business), marginal productivity theory suggests that the value of
output to an employer is its return net of any indirect tax, and the cost of labour to the
employer is its price (including on-costs) inclusive of income tax.  If the resource cost of
labour is its price in employment before the removal of income tax, then it is traditionally
valued before indirect taxation is added. When work-related travel time, such as a business trip
to the airport or to a client's location, occurs during a period commonly thought of as leisure
time, a weighted average of the appropriate work and non-work values should be used.
The weights represent the proportions of time in and out of ormal working hours. In the past,
all such time has been assumed to occur during normal working hours. Defining normal
working hours in respect of alternative time use is quite difficult for some groups in the
community. The criteria for determining whether a traveller in saving time is actually trading
with leisure time (non-work time) or work time should be determined according to whether the
transferred time is converted to an income generating activity which is subject to tax or not.
The use of elasticities is the correct way of determining the substitution mix.
For non-working or "leisure" time, the willingness to trade time for money approach assumes
that the traded money would have been spent on goods which carry indirect taxation. The
resources associated with the time trade are thus equal to the expenditure less the indirect
taxation. Therefore non-working time savings should be valued at the behavioural value
adjusted by the inverse of (1 + the average rate of indirect taxation). The taxation adjustment is
normally applied to an equity value of time savings; that is, a behavioural value which treats
everyone as if they had the same mean income, although this is not an approach which should
necessarily be recommended. Where the rate of indirect taxation differs widely between
alternative use activities, then the application on an average rate will be grossly misleading.
Some attention is required to the distribution of actual rates of indirect taxation to establish if
this empirically really matters.
The empirical challenge is in establishing the extent of leisure/travel and work/travel
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substitution. If we had appropriate elas icities, then we could use them to "weight" the
respective leisure and work time values to obtain a weighted average VTTS for the particular
application context. Since there is likely to be a distribution of combinations of leisure and
work trading situations, from a practical point of view we could select an average from the
distribution.
3.3 An Equity Value
There is a view that for non-working time the behavioural value of time savings should be the
same for all modes/routes and trip purposes. The resulting equity value is consistent with the
position that the scarce investment dollar should not be directed towards projects which are
more likely to benefit individual travellers with a higher willingness to pay simply because they
have a greater ability to pay. This argument rests on the proposition that the value of travel
time savings is a function of personal income. Although the empirical evidence on the
relationship between VTTS and personal income is ambiguous, despite its theoretical appeal,
equity "behavioural" values of travel tim  savings can be derived from the behavioural values
for non-working time. If equity values are used, then the resource value for non-working time
should be derived from this equity value.
3.4 Updating Time Values Over Time
Updates of  time savings values are typically based on kilometre-weighted average gross
personal income for the relevant trip purposes and modes. For working time, the marginal
wage increment has to be updated to allow for changes in the cost of employment-related
"add-ons". If the pattern of trip-lengths for different income groups is likely to change through
time; for example the low income trips become longer and the high income trips become
shorter, then it is possible that the real value of time savings could decline. This appropriate
updating procedure is an added burden because of the general absence of reliable data on
kilometres travelled, particularly when it has to be income-related.
4.0 COMPLEMENTARY INPUTS TO THE VALUATION
PROCESS
Deriving appropriate empirical beh vioural, resource and equity values of travel time s ings is
complicated by a number of complementary inputs to the process:
1. The assumed number of annual hours used to convert annual gross personal income to
the average gross hourly wage rate. The latter is used as the yardstick for updating
VTTS as a percentage of the average wage rate. The correct income used to initially
calculate the VTTS as a percentage of the average gross wage rate should be that
obtained from the sample used to derive the empirical value of time savings. Often a
population-wide average is used instead. It is difficult to establish an appropriate amount
of normal hours worked for salaried persons. The often used hours of between 1950 and
2200 per year (based on an average working week of 37.5 to 42 hours) are assumed to
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supply a meaningful measure of the opportunity cost of the labour resource. With the
growing incidence of part-time work and extended working hours of the self-employed,
this benchmark is questionable.
2. The distinction between paid and effectively worked hours seems important if the
relationship between the two categories is likely to change over time. It does not matter
which definition is used once the empirical values are derived, provided all updates use
the same definition and that the relationship between the two definitions is constant over
time. If the latter is not true, then the opportunity cost of the lab ur resource should be
based on the effectively worked (i.e. productive) hours, b cause any savings in travel
time become a resource benefit in relation to the actual use of time. However, f as is the
situation in most contexts that the opportunity cost is the shadow price of an existing
resource, then the hourly gross wage rate based on the agreed number of paid hours
should be the definitional unit provided we can assume that all paid hours are worked
hours.
3. The occupancy rate of cars has an important influence on the vehicle-level VTTS. The
mean estimates of car occupancy must be kept current. The current recommendation in
Australia, for example, is 1.6 adults for private urban travel, and 2 adults for private rural
travel. The equivalent figures for business trips are respectively 1.4 and 1.6.
4. A problem common to all studies of travel demand is the different interpretations of
journey attributes in travel choice data. This gives rise to difficulties in measurement and
questions of perception, and hence the basis of selecting an appropriate dimension within
which to analyse the b havioural impact of a change in a travel attribute on choice. A four
level classification has been suggested in the literature (e.g. U.K. Department of
Environment 1976):
a. Perceived:  the measure on which decisions are made by the individual which may not
be measured by the individual in terms of a recognisable scale.
b. Reported (perceived): the answers obtained to questions. This is subject to reporting
biases (e.g. rounding, post-purchase bias) and is assumed to be the closest empirical
measure of perception.
c. Synthesised: that physical measure obtained by the researcher by the use of a statistical
model subject to measurement and averaging errors.
d. Actual: the actual characteristics of a journey.
5.0 ESTABLISHING SOURCES OF VARIABILITY IN
VTTS: EMPIRICAL CONSIDERATIONS
Values of time savings are increasingly being derived from stated-choice data (Hensh r et l.
1988a, Fowkes and Wardman 1988, Bradley and Gunn 1991, Hensher et al. 1990, 1994,
Hensher 1994). When the value for business travel time savings is derived from stated-choice
data, and not from the productivity (or direct) approach, we get a behavioural value.
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Depending on how the stated preference experiment is worded, we would obtain either the
employer's or only the employee's time-cost trade-off.
In this section we show how the stated choice paradigm can be harnessed to increase the
richness of the empirical measurement of the behavioural valuation of travel ime savings. Up
to now we have implicitly assumed that a single mean estimate of VTTS is to be derived for a
market segment (ie. trip purpose, mode, socioeconomic class) as a representation of the
distribution of all values within the community. Where a resource value is a derivative of a
behavioural value, it is possible that the dis ribution of time values are not well served by an
unweighted mean estimate. Indeed other moments of a distribution such as the mode or
median may be more representative if a single estimate has to be used in a social cost-benefit
analysis.
The possibility that a valuation function as distinct from a unique value of travel time savings
within a market segment would be more realistic has been raised in the past (see Hens r nd
Truong 1985, Bradley and Gunn 1991), although very little consideration has been given to
this idea. Stated-choice data provides a suitable empirical paradigm within which to estimate a
valuation function, in which VTTS is a function of levels of travel time, income and any other
characteristics thought to influence the variability in VTTS. We present some empirical results
based on a stated choice study undertaken in Sydney in 1994 (H nsher et al 1994) in which a
sample of car users were given a series of travel time-toll cost trade-off experiments and asked
to select an alternative route, given the levels of each attribute. This study also serves to
highlight the important role of travel time reliability (linked to traffic congestion and incidents
such as vehicle breakdowns) in the valuation of travel time s ings (see also Senna 1994).
To begin, assume that the theoretical parameter ki  from quation (35) (ie. Vi = ai-lCi - kiTi)
is a function of Ci and Ti:
ki  = k (Ti, Ci ) [37]
A Taylor series expansion of (35) around the mean levels T and C for each alternative i
(neglecting second order terms) results in equation (39).
ki = k + (¶k/¶T)i (Ti-T) + (¶k/¶C)i (Ci-C) [39]
Substitution of (39) into (35) and some rearrangement of terms gives
V = ai-lCi -kTi + (bTi
2 + gCiTi+ w) [40]
where
b = (¶k/¶T)i, g = (¶k/¶C)i, and w = -bT - gC.
By neglecting second-order terms in (39) we implied that ¶k/¶T and ¶k/¶C are constants,
independent of alternative i. Equivalently, the parameters w, b and g are unsubscripted. The
VTTS can now be derived from (40) as follows (Hensher and Truong 1985):
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VTTS = 
¶V/¶Ti
¶V/¶Ci
 |Vi= constant 
= 
-k + gCi + 2bTi 
- l + gTi [41]
Thus VTTS is dependent on the levels of travel time and cost. This formula can be generalised
to account for the disaggregation of travel time (see Hensher and Truong (1985) for more
details). For example, in a mode choice context we can distinguish between in-vehicle time,
wait time, walk time and transfer time; in a route choice context we can distinguish between
free flow travel time and delay time. Furthermore we can introduce interactions between each
travel time and between travel time and other attributes of alternatives and individuals. The
ability to enrich the valuation function to test for a richer specification is conditioned by the
quality of data. Revealed preference data is somewhat limiting in its ability to offer sufficient
richness in both variability and correlation structure to enable each potential influence to be
included without producing onfoundment. Data derived from a stated choice experiment
however increases the opportunity to account for the independent (ie additive) contribution of
each source of variability in the valuation function. It is for this reason, amongst other reasons,
that the stated choice paradigm has evolved to become an important feature of a preferred
empirical approach to obtaining behavioural values of travel tim  savings. It is useful at this
point to give a brief overview of the alternative data paradigms.
5.1 A Brief Overview of Alternative Data Paradigms
Revealed preference (RP) data has until recently been the dominating data paradigm in the
valuation of travel time savings. RP data are best described as:
1. depicting the world as it is now (current market equilibrium)
2. having built-in relationships between attributes (technological relationships are 
fixed)
3. having only existing alternatives as observable
4. embodying market and personal constraints on the decision-maker
5. having high reliability and face validity
6. yielding one observation per respondent at each observation point.
In contrast, stated choice (SC) data are best described as:
1. depicting virtual decision contexts (flexibility)
2. having controlled relationships between attributes (permitting mapping of utility 
functions with technologies from existing ones)
3. including existing and/or proposed and/or generic choice alternatives
4. having difficulty (if not impossibility) to effectively represent changes in market and 
personal constraints
5. being reliable to the extent that respondents understand the task, are committed to the 
task, and can really respond to the task
6. yielding multiple observations per respondent at each observation point.
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The distinguishing appeal of the two types of data can be illustrated diagrammatically in the
context of mode choice (Figure 1). RP data provides information on the current market
equilibrium for the b haviour of interest and is useful for short term forecasting of departures
from the current equilibrium. In contrast SC data is especially rich in attribute tradeoff
information, but is to some extent affected by the degree of ‘contextual realism’ that we can
establish for the respondents. SC data is useful for forecasting changes in behaviour.
Given the relative strengths of both data types, there is enormous value in using both RP and
SC data. The benefits of combining RP and SC data include an ability to map trade-offsover a
wider range of attribute levels than currently exists (adding robustness to valuation and for
prediction), and an ability to introduce new choice alternatives (accommodating technological
change in an expanded attribute space - ie. r laxing the constraints in the DeS rpa
specification). Figure 2 illustrates how alternatives in a stated choice experiment imply specific
consumption technological constraints of their own.
A key role for SC data in a combined SC-RP model is to assist through enrichment in
obtaining more robust parameter estimates for a particular RP-based choice model so that in
application one can increase the confidence in the predictions as the analyst stretches the
attribute space and the choice set under policy assessment. However where interest centres
only on valuation, estimation of the SC data by itself is sufficient. Given that each replication
of a choice experiment is a rich individual observation, with typically 3 to 4 replications per
respondent plus an RP observation, one can generate 3 - 4 pairs of SC-RP data or up to 8
observations per respondent. For example, a sample of 300 respondents for a market segment
is more than sufficient to obtain consistent and efficient parameter estimates. The joint use of
RP and SC data as shown in Figure 3 provides two paradigms under which the two types of
data could be used in model estimation and application. The SC-RP model can be estimated
either jointly or sequentially to obtain all the parameters required to obtain a mean VTTS or a
valuation function (Hensher 1995) within each market segment.
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Figure 1 Attribute Space of RP and SC Data
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Figure 2 Travel Alternatives in a Stated Choice Experiment
5.1 Developing an Empirical Valuation Function for Urban Route Choice: A Stated
Choice Case Study
5.1.1 Background
As part of the development of a system of privately financed toll roads and tunnels within the
Sydney Metropolitan Area, the New South Wales Roads and Traffic Authority (RTA) is
currently evaluating the costs and benefits of a tunnel under one of Sydney's busiest traffic
intersections, Taylor Square. This intersection is currently a bottleneck for north-south traffic
which benefits from recent upgrading of the freeway system except for a few kilometres of
road through Taylor Square. The Institute of Transport Studies was engaged to identify the
sensitivity of the relevant travelling population to alternative levels of tolls in the context of
varying potential savings in travel time. A stated choice experiment was designed to determine
the route choice made under different toll-travel time regimes.
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Figure 3 Two Paradigms for Integrating RP and SC Choice Response Data
5.1.2 The Stated Route Choice Experiment
The choice experiment involved asking each sampled traveller to choose a tolled or a free
route from the two routes offered. A tolled route is defined in terms of three variables: a toll
(with levels of $0.50, $1 and $1.50), total travel time and a delay time (always set at zero). A
free route is defined in terms of a zero toll, total travel time and delay travel time.  Total time
is the sum of delay and free moving time.  Three levels were given to each of the attributes:
total travel time on the toll route (1.5 mins, 3 mins and 4.5 mins), total travel time on the free
route (6 mins, 9 mins and 12 mins) and delay time on the free route (2 mins, 3 mins and 4
mins). These times were estimated using the RTA’s current traffic assignment model for the
area. The trade-off design is derived from the maximum number of combinations of travel
characteristic sets (TCS’s).  With four characteristics each of 3 levels there are a maximum of
81 combinations.  We have chosen a 9 choice set fraction which is a one-ninth fraction of the
full factorial, and which represents the minimum number of choice sets with acceptable
statistical properties (Louviere 1988, Hensher 1994).  The 9 choice sets are shown in Table 1.
To simplify the task for the respondent in a self administered questionnaire, we blocked the
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experiment in a way which results in giving three choice sets to each one-third of the sampled
population.  Since we are analysing the data at a sample level, this is an acceptable procedure.
Each traveller is then offered 3 choice sets one at a time, and asked to choose a route. The
data for analysis contain 3 observations per sampled respondent. The complete sets of choice
sets are summarised in Table 2.  To ensure that there are no systematic biases due to the set of
three choice sets given to each respondent, in the formal modelling (reported below) we tested
for possible bias in the selection of the set of three choice sets, and corrected for it where it
was a statistically significant influence on the choice response.
Table 1.  Route Choice Sets
Route
Choice Set
Tolled Route:
Toll
Tolled Route:
Total Time
Free Route:
Total Time
Free Route:
Delay Time
A $0.50 1.5 mins 9 mins 3 mins
B $0.50 3 mins 6 mins 4 mins
C $0.50 4.5 mins 12 mins 2 mins
D $1.00 1.5 mins 6 mins 2 mins
E $1.00 3 mins 12 mins 3 mins
F $1.00 4.5 mins 9 mins 4 mins
G $1.50 1.5 mins 12 mins 4 mins
H $1.50 3 mins 9 mins 2 mins
I $1.50 4.5 mins 6 mins 3 mins
Table 2.  The Set of Choice Sets
Grouped Route Choice Sets
Choices A B C D E F G H I
1   
2   
3    
Note to table:   means present in the choice set
5.1.3 The Survey
During the period 24 to 29 March 1994, questionnaires were distributed to southbound
motorists as they were stopped at the traffic lights at Taylor Square.  A total of 3,900
questionnaires were distributed.  Motorists were sampled on the following days of the week
and at different times of the day so that the sample was representative of the distribution of the
range of trip purposes of motorists travelling on that route.
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Sample distribution times:
Thursday 24th March 2pm - 6pm
Friday 25th March 7am - 11am
Friday 25th March 4pm - 8pm
Saturday 26th March 12 noon - 4pm
Monday 28th March 10am - 2 pm
The survey instrument was a self administered questionnaire with questions on the
characteristics of the trip that the motorist was undertaking at the time they received the
questionnaire, three choice sets of the toll and no toll routes as well as some socio- econ ic
data on the motorist.  The questionnaire was accompanied by a self addressed reply paid
envelope to facilitate the easy return by the respondent.  The three questionnaires, one for each
set of choice sets, are included in H nsher et al. (1994).
The response rate to the survey was excellent with 958 (25%) questionnaires being received
within 2 weeks of the end of the distribution of the surveys. Although a further 100
questionnaires were received since that date we had to proceed with the analysis on the basis
of the 958 surveys after the two week period.  After careful editing of the data, 848 responses
were used for the purposes of the estimation of the model.  This is a usable response rate of
22% which is very good for this type of distributed self administered questionnaire.
The six journey purposes collected in the questionnaire were aggregated into five journey
purposes for model segmentation:
(i) PC = private commuter, defined as a trip to work by driving a privately registered 
vehicle belonging to the household;
(ii) BC = business commuter, defined as a trip to work by driving a company supplied 
vehicle;
(iii) PW = travel as part of work, which includes such trips as driving a car to the airport to 
travel by air on a business trip, and travel in the Sydney Metropolitan Area in the
capacity of earning a living such as a salesperson;
(iv) SR = non-work related travel, which includes social and recreation travel, shopping 
trips, travel to the airport for a personal trip; and
(v) OB = other personal business.
The route choice models are estimated as multinomial logit.  This model provides parameter
estimates for the role of tolls and travel time and other influences (g. personal income, other
socioeconomic variables) used to derive purpose specific time values, and (if necessary)
probabilistic switching curves for a range of time savings and levels of toll. Summary statistics
for a selective set of variables are given in Appendix B.
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5.1.4 Developing a Valuation Function
To identify the underlying structure of the choice experiment, and to understand how the
valuation function is derived from the information in this experiment, we begin by defining the
information potential of each attribute to be evaluated in the choice experiment. Given that
each attribute in the route choice experiment has three levels, we can represent the levels two
ways - as nominal values (-1, 0, 1) and as actual levels (eg $0.5, $1 and $1.5). The non-
linearity of an attribute can be accounted for by specifying higher order dimensions such as
quadratics and cubics. A three-level attribute only contains information up to the quadratic
dimension (or order two). A quadratic term is constructed by squaring the value of the
attribute and replacing the nominal mid-point (0) with the nominal -2 (see Table 3)
Table 3. The Construction of a Quadratic Polynomial
Linear Attribute Quadratic Attribute v(attribute)
-1 1 v1
0 -2 v2
1 1 v3
Let v(X) denote the marginal utility which arises from attribute X alone (e.g. travel time or
cost). If v(X) is non-linear in X, a second-order polynomial approximation for v(X) can be
written as
v(X) = aX + bX2 [42]
Using the information in Table 3, we can derive relationships between v(X) and X that show
the role of the quadratic term and why it is important to be able to test for non linearity by
separating out the independent contribution of X2, and hence determining if both X and X2 are
required to capture the full effect due to attribute X (given the limiting assumption of a
maximum order 2 with only 3 levels of an attribute).
a  = (v3 - v2)/2 [43]
b = [(v3 - v2) - (v2 - v1)]/6 [44]
a measures the mean slope between X = -1 and X = 1; b measures the change in slope
between (X = -1, X = 0) and (X = 0, X = 1) (see Figure 4).
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Figure 4. The Role of the Quadratic Term
In addition to the non-linearity of each attribute's influence on the value of travel time savings
(equation 41), the possibility of two-way interactions between pairs of attributes needs to be
considered. In fractional factorial designs the number of two-way interactions which are
independent (i.e orthogonal) from the main effects (i.e. X and X2) are etermined by the actual
fraction selected and the degrees of freedom ensuing from the design. We are particularly
interested in the interaction between toll and travel time. Thus we will require a design that
permits one independent two-way interaction. With a quadratic term in the main effect for
travel time and one interaction term for toll and time, we are able to evaluate the empirical
form of the valuation function. As can be seen from Equation (41), a valuation function (as
distinct from a single value) arises from a specification that includes quadratic and/or
interaction terms. In addition to the relationships established amongst the attributes of the
stated choice experiment, it is possible to interact other variables such as socioeconomic
characteristics with the design attributes to enable further segmentation within the valuation
function. The full design is shown in Table 4 for the attributes shown in Table 1 above.
Since the quadratic of an orthogonally coded nominal attribute is not equivalent to the
quadratic of the actual value of an attribute (ie the square of actual cost is (actual cos  )2,
whereas the squared nominal value  is not (nominal value )2), we hav  to have a mapping from
one metric to the other. We estimate the logit model using the orthogonal codes but determine
the value of travel time savings based on the actual levels of the attributes shown to the
sampled population.
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Table 4. The Orthogonal Design for the Route Choice Experiment
Toll
(C)
Total Time
Toll Route
(T1)
Move Time
Free Route
(T2)
Delay Time
Free Route
(T3)
T12 T22 T32 CT1
-1 -1  0  0  1 -2 -2  1
-1  0 -1  1 -2  1  1  0
-1  1  1 -1  1  1  1 -1
 0 -1 -1 -1  1  1  1  0
 0  0  1  0 -2  1 -2  0
 0  1  0  1  1 -2  1  0
 1 -1  1  1  1  1  1 -1
 1  0  0 -1 -2 -2  1  0
 1  1 -1  0  1  1 -2  1
Define the nominal level as N and the actual level as A. Then for a three-level attribute, we can
define:
N = q0 + q1A [45]
N2 = d0 + d1A +d2A2 [46]
Denote the three levels for A as low (L), medium (M) and high (H) and L2, M2 and H2 for A2.
Given the orthogonal codes for N (-1, 0, 1) and N2 (1, -2, 1), substitution into equations (45)
and (46) gives the following transformation functions:
-1 = q0 + q1L [47]
 0 = q0 + q1M [48]
 1 = q0 + q1H [49]
where q1 = 1/Di, q0 = -M/Di, and Di = M - L = H - M (assuming equal spacing  for attribute i),
and
 1 =  d0 + d1L +d2L2 [50]
-2 =  d0 + d1M +d2M2 [51]
 1 =  d0 + d1H +d2H2 [52]
and d2 = 3/Di
2
  , d1 = -6M/Di
2
  , and d0 = -2 + 3M2/Di
2
  .
The utility expressions associated with the tolled and non-tolled routes as estimated using
nominal attribute levels are specified as:
Vtoll =  h + h1C+ h2T + h3T2 +h4CT [53]
Vfree =  h5MT + h6MT2  + h7DT + h8DT2 [54]
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They can be translated from nominal to actual levels of attributes as follows:
Vtoll =  w + w1c+ w2t + w3t2 +w4ct [55]
Vfree =   w5mt + w6mt2  + w7dt + w7dt2 [56]
Defining Mi as the actual mean level of attribute i and Di as the step change in the level of
attribute i,  we derive the following conversion relationships:
  w1 = [h1/Dc - Mth4/(DcDt)]
 w2 = [h2/Dt - 6Mth3/Dt
2 - Mch4/(DcDt)]
 w3 = [3h3/Dt
2]
w4 = [h4/DcDt]
 w5 = [h5/Dmt - 6Mmth6/Dmt
2 ]
 w6 = [3h6/Dmt
2 ]
 w7 = [h7/Ddt - 6Mdth8/Ddt
2]
 w8 = [3h8/Ddt
2]
where
Mc = medium level of toll ($1)
Dc = $0.50
Dt = 1.5 minutes
Ddt = 1 minute
Dmt = 2 minutes
Mt = medium level of time on toll road (3 mins)
Mmt  = medium level of move time (6 ins), and
Mdt = medium level of delay time (3 mins).
Table 5 highlights the confoundment associated with parameter estimation when the attributes
are not orthogonally coded. For the free route, the partial correla ons vary from .995 for time
and time-squared to -.295 for all of the other combinations of attributes. For the tolled route
the range is .991 to -.00001.
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Table 5. The Partial Correlation Structure of Actual Attribute Levels
Free route: dt dtsq mt mtsq
delay time (dt) 1.0
delay time squared (dtsq)  -.995 1.0
move time (mt)  -.298  -.295 1.0
move time squared (mtsq)  -.299  -.295   .982 1.0
Toll route tl tlsq tm tmsq tltm
toll (tl) 1.0
toll squared (tlsq)   .990 1.0
time (tm)  -.00068  -.0099 1.0
time squared (tmsq)  -.000011 -.0090   .990 1.0
toll by time (tltm) .664 .650 .692 .686 1.0
Once we have identified the values of hi, i = 1,...,8, the values of wi, i = 1,...,8, can be derived
and the values of travel time savings calculated given actual values of travel times and toll. The
behavioural values of travel tim  savings for each travel time (ie time of toll road, move time of
free route and delay time of free route) can be obtained by substitution into equation (41).
Formula (41) assumes statistically significant parameter estimates for linear and quadratic time
and the two-way interaction between toll and tollro d travel time. A distribution of values of
travel time savings can be obtained by application of a range of tolls and travel times. A mean,
mode and median estimate from the distribution can also be derived. We now turn to the
results.
5.1.5 Empirical Evidence
The final models for each of the five trip purpose segments are ummarised in Table 6. Each
model has an interaction term between travel time and toll. The quadratic term for time
squared was not statistically significant in any of the models and was eliminated. The
behavioural values of travel time savings as a function of the level of toll and trip length (in
minutes) expressed in dollars per person hour (see equation 41) are reported in Table 7 for a
reasonable range of tolls ($1 to $2) and trip lengths for the tolled section of the trip (5 to 10
minutes).
For each trip purpose segment, we observe VTTS increasing for a given travel time as the toll
level increases, and decreasing for a given toll level as travel time increases. Thus the VTTS is
inversely related to trip length. That is, for a given toll, an individual is willing to outlay less
money to save a unit of time for longer trips compared to shorter trips. This finding is
consistent with the results reported by Hensher 20 years ago (Hensher  1975). As might be
expected, the variation in VTTS is relatively flat in models where the two-way interaction
between toll and travel time is not statistically significant (ie soci l-recreation travel). The
range within Table 7 is $4.85 to $7.73 per person hour.
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To assess the empirical implications of deriving a valuation function and hence a distribution of
VTTS from a model estimated on the actual attribute levels, we re-estimated the private
commuter model. The VTTS in brackets in Table 7 derived from this model are consistently
smaller and noticeably flat. The lack of variability and the reduced values can be attributed to
the amount of correlation present in the model. Table 5 tells us that the partial correlation each
main effect (ie toll and travel time) and the two way interaction is respectively .664 and .692.
This lack of independence affects the mean parameter estimates for all three attributes of
relevance in deriving the valuation function and is a very strong warning about using actual
levels of attributes in estimating v luation functions.
Table 6. The Route Choice Model Results and Time Values
Method: Multinomial Logit, Maximum Likelihood Estimation
PC BC PW SR OB
Number of Observations 1292 796 1034 1058 538
Toll-specific constant -0.7697 -0.2796 0.5990 0.0502 0.4103
(-4.03) (-0.95) (2.48) (0.26) (1.58)
Toll -1.0661 -0.9848 -0.8584 -0.9970 -0.6315
(-8.34) (-5.50) (-5.89) (-7.29) (-3.47)
Travel time (toll route)  -0.3112 -0.5639 -0.2749 -0.3037 -0.4356
(-2.98) (-4.10) (-6.00) (-2.21) (-2.30)
Travel time (both routes) -0.32512
(-2.68)
Toll*travel time (toll route)-0.2746 -0.4583 -0.4187 -0.0549 -0.3107
(-1.60) (-1.82) (-1.78) (-0.24) (-1.06)
Travel time (free route) -0.5325 -0.1244 -0.7325 -0.3048
(-3.70) (-0.58) (-4.53) (-1.43)
Personal income -0.0204 -0.0187 -0.0133 -0.0178 -0.0138
(free route) ($ pa) (-4.59 (-3.43) (-2.69) (-3.76 (-2.22)
Likelihood 0.150.21 0.29 0.24 0.20
ratio index
Notes to table:
• each column of results are the parameter estimates
• t statistics in brackets
If we use the mean travel time and toll in the choice experiment for the toll route, we find that
the VTTS is close to the figure in bold in Table 7 for each trip purpose segment. Some
comments are required. Travel as part of work is a potentially problematic category to handle
via a utility framework. The marginal productivity approach is preferred. The estimate above
appears to represent what the driver (who completed the form) is willing to pay to save travel
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time and is not the full opportunity cost plus disutility cost. The trade-off suggests the
component VL in equation (36) which might be expected to be relatively lower for such
travellers compared to business commuters. In the sample under study however 20.7% of the
sample are self employed which may suggest that they should be separated from employees in
order to distinguish sources of valuation which are assessed by the travell r.  As a percentage
of the average wage rate the 'travel as part of work' VTTS varies between 10% and 71%
depending on the toll/time combination. The evidence offered in Section 2 above from three
European countries ranges from 32% to 61%. Our estimate at the mean of the choice
experiment is 20% of the average wage rate which is identical to what we found for the leisure
value in the 1977 study of people travelling as part of work. We may have picked up travel
where there is a high proportion of travel taking place outside of normal working hours.
Table 7. Behavioural VTTS Derived from a Valuation Function
Pinc = average hourly personal wage rate; 'Time' refers to the trip length for the part of the trip where a toll
would be incurred (and to the door - to -door trip time). Each VTTS (eg 4.35) is expressed in dollars per person
hour. VTTS is brackets for private commute are derived from a mo el  estimated on  actual levels of attributes.
Toll Time = 5 mins Time = 7.5 mins Time = 10 mins
Private Commute
Pinc = $19.81/hr
$1 4.35 (2.07) 3.29 (2.01) 2.65 (1.96)
$1.5 8.18 (2.44) 6.20 (2.33) 4.99 (2.30)
$2 12.01 (2.81) 9.10 (2.73) 7.33 (2.65)
Business Commute
Pinc = $26.17/hr
$1 7.07 4.78 3.61
$1.5 12.81 8.66 6.54
$2 18.55 12.55 9.48
Travel as part of work. Pinc
= $23/hr
$1 4.59 3.08 2.31
$1.5 10.50 7.04 5.29
$2 16.41 11.00 8.27
Social-recreation
travel.Pinc=$18.4/hr
$1 5.68 5.23 4.85
$1.5 6.70 6.17 5.72
$2 7.73 7.12 6.60
Other personal
business.
Pinc = $18.86/hr
$1 8.33 5.57 4.19
$1.5 14.27 9.55 7.17
$2 20.21 13.52 10.16
Finally, it is worth noting in Table 6 that the travel time parameter in the free route alternative,
when statistically significant, is more negative than for the toll route. The difference in travel
time between the two routes is described by the component of travel time in the free route
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called delay time. Consequently the difference in the size of the parameters is an indicator of
the amount of congestion and possibly the degree of reliability associated with travel time on
the free route compared to the toll route. Thus the approach to the design of the stated choice
experiment is useful in establishing the influence that trip reliability has on route choice.
6. CONCLUSION
This paper has reviewed the accepted theoretical underp nning's of the formal derivation of the
behavioural and resource values of travel time savings. In addition we have looked closely at
some of the adjustments required to b havioural values of travel time savings when
establishing appropriate resource and equity values. The most important extension of the
recent literature on the development of a valuation function rather than a single point estimate
has been made in order to r cognise the misleading inferences associated with using the actual
levels of travel times and costs when seeking a rich non-linear specification of the relationship
between the VTTS and variations in travel times, costs and other potential sources of
variability.
We have presented a case study to illustrate how better analytical tools can be applied to test
reasonable hypotheses derived from theoretical benchmarks. The very nature of our empirical
approach throws into question the validity of much of the extant empirical literature on the
behavioural valuation of travel ime savings. The new data paradigm centred on stated choice
data opens up a new era of more careful development of empirical measurement of VTTS.
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Appendix A
Exogenous versus Endogenous Technology in Becker's Model
Crucial to the operation of the HPF approach are the concepts of activity output and
household technology. How is activity output distinguishable from activity utility? and how is
household technology distinguishable from household tastes?
Consider the following household production function:
Z
~
 = 
Z
~
 
[
x
~, 
T
~; 
b
~] 
[A1]
where
 
Z
~
 
= [Z1, Z2, ..., Zm] are activity outputs
 
x
~
 
= [x1, x2, ..., xn] are market goods and/or services inputs
 
T
~
 
= [T1, T2, ..., Tn] are household time inputs
b
~
 = a vector of technological parameters ('environmental variables' which reflect the state of
art of production, or level of technology of the production process (Michael and Becker
1973)). Some activities may not require Xi or Ti. So mn .
Equation [A1 differs from the household Utility Function: [A2]:
U = U [
Z
~ ; 
a
~] 
[A2]
where 
a
~ is a vector of household's tastes.  To distinguish household production and household
utility requires the conceptual and empirical distinction between 
b
~ a d 
a
~. We defer the
conceptual distinction until we introduce DeSerpa's Contribution. There are a number of
empirical problems associated with distinguishing 
b
~ from 
a
~, to which we now turn.
If technology is defined exogenously (ie. 
b
~ is measured xogenously of the consumer's activity
allocation decision), then the problem is how to identify 
a
~. For exogenous 
b
~, we can substitute
[A2] with a factor or de ived utility function:
U' = U [
Z
~
 
 (
x
~ , 
T
~
 
); 
 
a
~
] 
[A3]
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Maximising [A3] such that 
p'
~
x
~ + R(T1+ ... Tn)  F where 
p'
~ is a vector of goods prices, will
yield factor demand functions:
x
~
 = 
x
~ [F; 
p
~, R; 
a
~] 
[A4]
From [A4] we can infer values of 
a
~.
If Technology is defined en ogenously (as in Becker's model), we need to identify both 
a
~
  
and
b
~ from the household's commodity allocation model . We have [m+2n] parameters (from A1),
to be identified, consisting of 'm' parameters of tastes [a1, a2, ..., am] and 2n parameters of
technology [b1, b2, ..., b2n]. If we rely on observations on input (factor) demands, ie. on 
x
~ and
T
~, this would not be sufficient to identify all (m+2n) parameters. We also need observations on
activity outputs 
Z
~
 
 as well. Empirically then this implies that 
Z
~
 
must be observable and
measurable on a cardinal scale. This constitutes a first distinction between utility and output:
utility is assumed not to be observed directly nor is it measurable on a cardinal scale.
So, assuming 
Z
~
 
 is directly measurable, maximising [A1] such that 
p'
~
Z
~  F (
p'
~ is a vector of
commodity prices (2)), gives the commodity demand functions:
Z
~ 
= 
Z
~
 
[F; 
p
~; 
a
~],
[A5]
jointly determined with,
x
~
 = 
x
~ [
Z
~
 
; 
p
~, R; 
b
~],
[A6]
T
~ 
= 
T
~
  
[
Z
~
 
; 
p
~, R; 
b
~],
[A7]
where [A6], [A7] are the factor demand functions.
Under endogenous technology, we have implicitly assumed commodity prices, 
p
~, are
independent of levels of commodity production, 
Z
~. Pollak and Wachter (1975) say this is
possible only if commodity production  
Z
~ exhibits constant returns to scale (CRTS ) and no
joint production. In which case, commodity prices can be expressed simply as:
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p
~
 = 
p
~ [
p
~, R; 
b
~]
[A8]
When CRTS and/or no joint production is unreasonable, commodity prices ð are dependent on
level of commodity demand (production):
p
~
 = 
p
~ [
p
~, R, 
Z
~]
[A9]
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Thus (A5) may not appear in explicit form. A general implicit form for commodity demand
functions is:
G [
Z
~,
 
p
~
 (
p
~, R, 
Z
~); F; 
a
~] = 0     [A10]
Thus commodity prices 
p
~ play a passive role, and our interest in the determination of [A5],
[A6], [A7] and [A10] is mainly to identify the parameter vectors 
a
~ and 
b
~.
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Appendix B
Table B1. Selective Summary Statistics for Each Journey Purpose
VARIABLES
Private
Commuter
PC
Business
Commuter
BC
Travel as
Part of
Work
PW
Social-
Rec.
Travel
SR
Personal
Business
OB
Sample Size (Total: 848) 263
(31%)
135
(16%)
180
(21%)
179
(21%)
91
(11%)
Frequency of Travelling Route: (%) (%) (%) (%) (%)
More than once per week 94.7 93.3 52.2 12.3 36.3
Once per week 3.8 - 15.0 18.4 12.1
Once per month - 0.7 8.3 12.8 9.9
Occasionally 1.5 5.9 22.2 49.7 37.4
First time - - 2.2 6.7 4.4
Vehicle Occupancy:
No. of adults per trip
No. of children per trip
1.2
-
1.2
-
1.3
-
1.8
0.4
1.3
0.2
Work Situation (%) (%) (%) (%) (%)
Full-time for employer 74.5 75.6 55.0 41.9 41.8
Part-time for employer 8.7 3.7 6.7 6.7 8.8
Self employed 6.8 20.7 38.3 20.1 26.4
Full-time homemaker - - - 5.6 5.5
Retired/aged pensioner - - - 17.9 6.6
Other pensioner - - - 0.6 3.3
Looking for work - - - 1.1 1.1
Student 9.9 - - 6.1 6.6
Income Range (%) (%) (%) (%) (%)
$0 - $3000 pa 2.7 - 0.6 7.3 4.4
$3001 - $12000 pa 8.4 3.0 3.3 5.6 12.1
$12001 - $30000 pa 22.8 12.6 22.2 33.0 23.1
$30001 - $50000 pa 43.0 31.9 38.9 29.1 35.2
$50001 - $70000 pa 14.8 31.1 17.8 14.0 13.2
over $70000 pa 8.4 21.5 17.2 11.2 12.1
Vehicle Registration (%) (%) (%) (%) (%)
Private 100.0 - 25.0 81.0 82.4
Household Business - 47.4 47.8 11.2 13.2
Other Business - 52.6 27.2 7.8 4.4
Employer Will Pay Toll (%) - 34.1 58.3 - -
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Table B2 . Percent of Sample Choosing the Toll Road for Each Choice Set
Percent of sample choosing
toll route for each choice set
PC
(%)
BC
(%)
PW
(%)
SR
(%)
OB
(%)
Total
(%)
SET 1
B (Toll $0.50, tts = 3 mins) 67 81 84 77 80 77
D (Toll $1, tts = 4.5 mins) 46 75 66 49 69 59
H (Toll $1.50, tts = 6 mins) 35 54 67 47 64 52
SET 2
C (Toll $0.50, tts = 7.5 mins) 84 80 97 88 82 88
E (Toll $1, tts = 9 mins) 63 65 90 78 63 75
I (Toll $1.50, tts = 1.5 mins) 10 5 33 20 26 20
SET 3
A (Toll $0.50, tts = 7.5 mins) 77 86 86 89 91 83
F (Toll $1, tts = 4.5 mins) 45 56 64 59 71 54
G (Toll $1.50, tts = 10.5 mins) 52 66 72 71 83 64
Note to table:
• tts means travel time saving of using toll road rather than free route
0 10 20 30 40 50 60 70 80 90 100 %
Percent of sample choosing toll road
Toll: $1.00
Toll: $1.50
Toll: $0.50
Choice
(tts = 4.5 mins)
(tts = 4.5 mins)
(tts = 9 mins) E
F
D
(tts = 3 mins)
(tts = 7.5 mins)
(tts = 7.5 mins) A
C
B
(tts = 1.5 mins)
(tts = 6 mins)
(tts = 10.5 mins)
G
H
I
Figure B1.  Percent of the Sample Choosing the Toll Road for each Toll  and Level of Travel Time
Savings
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Appendix C
Non-Urban Time Values: The Australian Experience
Very little empirical research into time valuation has been undertaken in the context of non-
urban travel. The currently recommended values for road transport are classified under the
single heading of rural travel. In considering adjustments to the current non-urban values, we
would like to suggest a number of broader issues that are in need of attention:
1. Long distance interurban travel should be given a separate c tegoris ion, distinguishing
it from local rural [small town] traffic. Our preferred categories of travel are urban, long
distance and local non-urban. A long-distance trip is defined as all travel except that
occurring within metropolitan areas and within non-urban small-town areas.
2. The majority of values of travel tim  savings recommended for rural contexts have been
based on urban studies.  The same values have been assumed per person hour, with
differences at the car level explained by vehicle occupancy.
3. While the local-rural values may closely align with urban values, it is questionable that
long distance values would be the same. This concern has important implications for the
priorities in investment between urban and major national highways. We believe that for
non-business passenger traffic, the long distance values have been too low, but they
should be higher than the recommended urban values.
4. Based upon data collected in 1987 as part of an interregional pre-feasibility study of
passenger trips, associated with the Very Fast Train Project, multinomial logit mode-
choice models were used to derive long-distance (interurban) mode choice models.  The
behavioural value of non-business travel time savings [$1987] is $6.52 per person hour,
equivalent to 68% of the samples average gross wage rate. Long distance business
travel includes a high percentage of time outlaid outside of normal working hours.
5. The local rural values can be aligned with the urban trip purposes, with slightly lower
behavioural values for private commuter, business commuter and social/recreation
purposes to reflect lower average incomes.
Deriving the working-time values from a stated-choice approach administered to the employee
implies that the employee behaves as if he is representing the employer. The results in Table
C2 are derived with the employee (the travell r) being asked to answer the time-cost trade-off
experiment on the assumption that the employer is covering all the costs including the relative
marginal disutility of travel compared to the disutility of the equivalent time at work not
travelling. The latter item is normally assumed to be reflected in the received salary.
Table C1 summarises our recommended values, in 1987 dollars. The effective average rate of
indirect tax is assumed to be 14%. It is calculated from the ratio of indirect taxes less subsidies
to gross domestic product at market prices. The Table summ ris s four sets of travel time
values. Users seeking to update the working-time estimates post-May 1988 will need to adjust
the values for changes in company taxes.
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Table C1. Values of Travel Time Savings per Person: A Summary [$1987]
Behavioural Resource
I. Non-Work
Urban/Local non-urban:
in vehicle out of
vehicle
in vehicle out of
vehicle
Commuter by private car 4.65 12.50 4.08 10.96
Commuter by company car 7.87 21.20 * 6.90 18.60 *
Social/Recreation as driver or passenger @ 2.90 7.80 * 2.54 6.84 *
Commuter by private car as passenger 3.25 9.40 2.85 8.25
Commuter train 2.43# 12.98# 2.13 # 11.39 #
Commuter bus 4.00 # 7.97 # 3.51 # 6.99 #
Long Distance: Non-business 6.52 14.00 * 5.72 12.28 *
II. Work [i.e. trips made in the course of work]
Employer
Behavioural Value
Resource Value
Urban [car] travel as part of work 10.10 --- 20.20 ---
long distance [air, car] 12.50-25.00 --- 21.40-25.00 ---
III. Non-Work Equity Values+
[Assuming average annual gross income of $25,640, with 100 annual hours worked].
In-vehicle time: $4.18
Out-of-vehicle time: $11.98
Notes:
* indicates that the value was not derived from an empirical model, but from other
purposes which are assumed to reflect the relative utility of alternative components of
time.
# is an update of the 1982 values.  Income has increased by a factor of 1.35 since 1982.
@ indicates that relating this trip purpose value to income is problematic because a large
number of trips are by individuals who do not go to work. One could use the mean
income of the employed sub-group.
+ The reported equity values are simple averages of the six non-work values. This
approach assumes that each individual has one market vote of equal power so that no
one group is given market power by their ability to pay.
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